Dental Anomalies among down Syndrome Children in Khartoum State (Sudan) by Hassan, Rokaya
                              
 
University of Khartoum 
 Graduate College 
 Medical & Health Studies Board 
 
 
Dental Anomalies among Down Syndrome Children in Khartoum State 
(Sudan)  
 
      By: 
  Rokaya Hassan Othman Farahat 
B.D.S (U of K) 2002 
 
 
A thesis submitted in partial fulfillment for the requirements of the 
 Degree of M.Sc (Sudan) in pediatric Dentistry 
 
                                 
Supervisor: 
Dr. Fatma El-Khidir  El-Hasan 
BDS (Sudan), MSc (Norway), Specialist Certificate in Pediatric 
Dentistry (Norway) 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
2011 
 
 
Declaration 
 
I declare that this work is original and that it is as 
partial fulfillment of MSc. degree in Pediatric Dentistry 
according to the Guidelines of the University of 
Khartoum Graduate Collage of Medical and Health 
Sciences Board. This work has not been submitted 
elsewhere.  
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
Dedication 
 
 
To my lovely parents Hassan & Fathia 
To My sisters & brothers  
and 
To all whom I love 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
i 
 
List of Contents 
Chapter One                                                                                 Page                                                                           
 Introduction and Literature Review…………………………………1 
1.1. Introduction ……………..………..……………………....1 
1.2 Literature Review………….……………………..……..…4 
       1.2.1 Prevalence of Down syndrom…………...………. 4 
1.2.2 Types of Down syndrome ………….…..…..……  4                            
1.2.3 Physical characteristics of Down syndrome….….. 5 
        1.2.4 General health in patients with Down syndrome.... 6 
        1.2.5 Dentalanomalies in Down syndrome children in          
different population………………………………………………….10 
1.3 Justification of the Study………………………….…........18 
1.4 Objectives of the Study…………………………………...19 
 Chapter Two 
Materials and Methods……………………………...………………20 
2.1 Study design …………….……………….……….……....20 
2.2 The criteria of selection………………….………….…....20 
2.3 Sampling…………………………………………...…..….21  
2.4 Legal and ethical considerations..........................................22 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ii 
 
2.5 Data collection and management…………………….....22 
Chapter Three 
Results……………………………….………………….………….25 
Chapter Four 
Discussion…………………………………………….……………35 
Conclusion………………………………………..…………...........44 
Recommendation…………………………………….……………..45 
References………………………………………………………….48 
Appendices …………………………………………………..…….57 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
iii 
 
Acknowledgment 
First of all I would like to thank Allah the Almighty, the 
Merciful, who gave me the power and health to finish this 
work. 
I am deeply grateful to my supervisor, Dr. Fatma E. El-
Hasan, for her wonderful support, and constant 
reassurance. Her extensive discussion has been very helpful 
for this study. I might have been lost without her.  
Dr. Nadia A. Yahia the Dean, Faculty of Dentistry 
(University of Khartoum) deserves a loud mention: “You’ve 
been a role model whom I follow. I owe you much”.  
I would like to acknowledge the Ministry of Health (Sudan) 
for giving me an opportunity to join the postgraduate 
program, part of it is this research. 
I warmly thank Dr. Hyfaa Hashim Farah who had been 
always available to guide me with her comments. Thanks 
DR. Hyfaa. 
I am deeply indebted to Dr. Amal Y. Muddawi for the 
logistic support I received from her. 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
iv 
 
I am grateful to the Office of Special Education, Ministry of 
Education, and the staff of the Rehabilitation Centers I have 
attended, for the great help they gave to me. 
My thanks go to the ever pleasant and helpful colleagues in 
the Division of Pediatric Dentistry, U of K who supported 
me and went beyond what was expected in finding the 
resources that were helpful to me; namely Dr. Magda M. 
Mutwakil, Dr. Randa M Fath-Alrhman and Dr. Azza 
Tagelsir. 
Lastly, my deepest gratitude goes to my family for their 
unflagging love and constant support and encouragement 
throughout my life; this thesis could have not been possible 
without them. 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
v 
 
Abbreviations 
DPTs                        Dental panoramic tomographies 
DS                            Down syndrome  
ICD                          International classification of diseases 
IQ                             Intelligence Quotient              
SD                            Standard deviation 
U Of K                     University of Khartoum         
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
vi 
 
Abstract 
Background: Down syndrome (DS) is a genetic alteration in which 
the affected individual instead of 46has 47 chromosomes, carrying an 
extra pair in chromosome # 21. Dental anomalies such as missing/extra 
teeth, abnormal tooth shape/size and delayed eruption of the 
permanent teeth are reported to be common in DS.  
Design:Descriptive, cross-sectional, institution-based study.  
Setting: Rehabilitation Centers for Children with Special Needs in 
Khartoum State and the Clinic of Pediatric Dentistry, University of 
Khartoum. 
Objective: This study aimed to assess the dental anomalies among a 
group of institutionalized Sudanese children with DS aged 6 to 14 
years. 
Methods: Ninety two DS children were included in this study, their 
mean age was 10.4 (± 2.8). Dental anomalies were evaluated by 
clinical dental examination and interpretation of panoramic 
radiographs. The participants were examined for the presence or 
absence of anomalies such as missing/extra teeth, abnormal tooth 
shape/size and delayed eruption of the permanent teeth. 
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Results: Children with dental anomalies represented 55.4% of the 
sample, while those without were 44.6%.  Among those with 
anomalies 51% were males and 49% were females. Most of the cases 
(66.7%) had one type of anomaly; among which hypodontia was the 
most common type (54.9%) and it was found to be more in the 
mandible than in the maxilla. Taurodontism was the second anomaly 
representing 49%, followed by supernumerary teeth (17.6%). Other 
anomalies showed very low incidence.  
Conclusion: The prevalence of dental anomalies in DS children found 
in the present study, is similar to those of the reviewed literature. 
Except for hypodontia and taurodontism, other anomalies showed a 
low incidence.  
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|Chapter One 
Introduction and Literature Review 
1.1 Introduction 
Down syndrome (DS) is an autosomal disorder in which the 
affected individual has 47 chromosomes instead of the normal 46 
chromosomes, carrying an extra pair mate in chromosome # 21, 
thus known as trisomy 21. The disorder is characterized by 
generalized growth retardation and mental deficiency[1].  
There are over 50 clinical signs of DS, but it is rare to find all 
or even most of them in one person. Some common characteristics 
include: midface dysplasia, flat and usually small nose associated 
with a low and broad nasal bridge, small maxilla, fissured tongue 
and papillary hypertrophy. Children with Down syndrome also have 
a smaller brain volume than other children, almond-shaped eyes, 
brachycephaly (a condition where the head is disproportionately 
wide), thick epicanthal folds with narrow palpebral tissue slanting 
towards the midline and poorly developed supra orbital ridge [2]. 
  The teeth of cases with DS present complete mineralization. 
Tooth eruption may occur in an unusual order and can be 2 to 3 
years behind a child's normal eruption pattern[3].  
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Over-retained primary teeth are also common in DS children. There 
is also a high incidence of impacted teeth [1]. 
 Periodontitis is quite common in children with DS; however, a 
lower incidence of dental caries has been reported. The higher 
prevalence of periodontal disease in DS children is probably related 
to the impaired host response rather than to specific periodontal 
pathogens [4]. The low caries prevalence seems to be due to immune 
protection caused by the elevated salivary S. mutans specific IgA 
concentrations[5]. 
 Malocclusion, particularly Angle's class III, is frequently seen 
due to the under-development of the midface [1]. 
Dental anomalies such as microdontia, macrodontia, missing 
& malformed teeth, small roots and taurodontism are also present 
with an incidence five times greater than in the normal 
population[6,7].   
Early professional treatment together with daily care at home, can 
mitigate the severity of the outcome of dental anomalies in DS 
children, and allow them to enjoy the benefits of a healthy mouth 
[8].The main aim of this study is, therefore, to assess the most 
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common dental anomalies among a sample of institutionalized 
Sudanese children with DS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϰ 
 
1.2 Literature Review 
1.2.1 Prevalence of Down syndrome: 
Prevalence of (DS) is one in 700 live births and increases 
with increasing age of the mother at the time of conception[2]. 
1.2.2 Types of Down syndrome: 
 There are three types of DS [9]: 
1.2.2.1 Trisomy 2: 
Trisomy 2 is the most frequently occurring type of DS 
(approximately 95%).  In this type, the individual with Down 
syndrome has 47 chromosomes in each cell instead of the usual 46, 
with 3 copies of the chromosome 21 instead of the usual 
pairTaurodontism came as the second most common anomaly, 
followed by supernumerary teeth. It was found only in some 
permanent molars.  
1.2.2.2 Translocation : 
  Translocation occurs in about 3-4% of people with DS.  In 
this type, an extra part of chromosome 21 is attached or translocated 
on to another chromosome. An example is attachment of a part of 
chromosome 21 on chromosome 14 or 22, or translocation of a part 
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of chromosome 21 on a different location of the same chromosome 
21. 
1.2.2.3 Mosaic 2: 
It is the third type of DS. Individuals with this type have 
extra chromosome 21 material in only some of the cells of their 
body but not all.  The other cells have the usual pair of chromosome 
21.  One to 2 percent of people with DS have this type.  Individuals 
with mosaic 21 often have less of the prominent physical features 
associated with DS and develop and function closer to the normal 
life expected for their normal agemates[9]. 
1.2.3 Physical characteristics of Down syndrome: 
DS is characterized by many unique physical manifestations. 
The eyes slant upward and outward, and have an extra-thick fold of 
skin on the inner side of the eye. The face is flat, with the rest of the 
head smaller than average. In relationship to the rest of the body, 
the legs and arms are shorter, with the feet and hands rather flat and 
broad. A single crease is often found stretching across the palm of 
the hand, and the fifth finger curves in toward the other fingers [8]. 
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1.2.4 General health in patients with Down syndrome: 
While there was an evidence in the past pointing to a 
shortened life expectancy, it is clear that, thanks to the better 
medical care now provided for them, children with DS nowadays 
are living longer than in the past. One study, carried out in the 
United States, showed an average life span of 49 years as opposed 
to 25 years of age before 1980, and approximately 10 years of age 
in 1929[10]. 
In the past, congenital heart disease, leukemias, untreated 
hypothyroidism and infections had contributed well to that high 
mortality rate, whereas today, the causes of death are more likely to 
be complications of Alzheimer's disease. It remains to be seen what 
their ultimate life expectancy will be, but it seems unlikely to 
approach the national average mainly because of the burden of the 
neuro-degenerative disorders to which they are predisposed[11]. 
Individuals with DS are more susceptible to systemic health 
problems such as: 
1.2.4.1 Congenital heart problems: 
Septal defects (openings between the chambers of the heart) 
and mitral valve prolapse (the mitral valve falls backwards into the 
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left atrium causing a backward flow of blood through the valve) are 
common [12,13]. 
1.2.4.2 Vision problems: 
Refractive errors causing myopia (near-sightedness), 
hyperopia (far-sightedness), or stigmatism (blurring of both close-
up and far-away visions) are common. Cataract may also be present 
[13]. 
1.2.4.3 Auditory problems 
Fluid accumulation in the middle ear frequently seen in 
individuals with DS mayresult in mild to moderate hearing loss. 
Middle ear infections are also quite common[14,15]. 
1.2.4.4 Seizure disorders: 
Ten percent of individuals with DS have seizure disorders[16]. 
Most respond favorably to anticonvulsant medication [17]. 
1.2.4.5 Alzheimer’s disease:  
 Alzheimer’s disease is another common finding in persons 
with DS, and is the most significant health risk for those older than 
40. Alzheimer's disease is a progressive and degenerative disease of 
the brain, causing the loss of millions of nerve cells and the 
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appearance of senile plaques on the brain. Nearly all persons with 
DS who die after age 40 show evidence of Alzheimer's disease[18].   
1.2.4.6 Endocrinal problems: 
Individuals with DS are at increased risk for dysfunction of 
the thyroid gland, an organ which helps control 
metabolism.Hypothyroidism is most common, occurring in almost 
one third of those with DS. This can becongenitalor due to attack on 
the thyroid by the immune system[19]. 
Reproduction is also affected by DS. Women with DS are less 
fertile and often have difficulties such asmiscarriage, premature 
birth, and difficult labor. However, these women are capable of 
having children with normal complements of chromosomes[20]. Men 
with DS are almost uniformly infertile, exhibiting defects in 
spermatogenesis[21]. 
1.2.4.7 Hematological problems: 
Haematological abnormalities are common in children with 
DS. They are mostly benign. Neonatal changes include 
polycythaemia, neutrophilia and thrombocytopenia. In later 
childhood changes include secondary polycythaemia, red-cell 
macrocytosis, increased red-cell distribution width, leukopenia, and 
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immune dysfunction. Transient myeloproliferative disorder occurs 
in about 5% putting this group at particularly high risk of 
subsequent leukaemia. A full blood count should be checked in all 
neonates with Down syndrome. Those with transient 
myeloproliferative disorder should be discussed with a 
paediatrichaematologist. Of all children with Down syndrome, 1–
2% will develop acute leukaemia. Children with Down syndrome 
and acute myeloid leukaemia usually respond well to 
chemotherapy. Acute lymphoblastic leukaemia responds less well, 
and particular care must be taken to minimize risk of infection[22]. 
In contrast to hematologic malignancies, solid tumor malignancies 
are less common in DS, possibly due to increased numbers of tumor 
suppressor genes contained in the extra genetic material[23]. 
1.2.4.8 Gastrointestinal problems: 
Down syndrome increases the risk of Hirschsprung's disease, 
in which the nerve cells that control the function of parts of the 
colon are not present[24].This results in severe constipation. Other 
congenital anomalies occurring more frequently in DS include 
duodenal atresia, annular pancreas, and imperforate anus. Gastro-
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esophageal reflux disease and celiac disease are also more common 
among people with DS [25] 
1.2.4.9 Growth disorders: 
Growth parameters such as height, weight, and head 
circumference are smaller in children with DS than with individuals 
of the same age. Adults with DS tend to have short stature.  The 
average height for men is 5 feet 1 inch (157 cm) and for women is 4 
feet 9 inches (144 cm) [26]. 
Individuals with DS are also at increased risk for obesity as they 
age[27]. 
1.2.4.10 Axial skeleton disorders 
Persons with DS are at higher than normal risk for atlanto-
axial instability, probably due to ligament laxity. Periodic 
screening, with cervical x-rays, is recommended to identify this 
abnormality[28]. 
1.2.4.11 Mental retardation: 
Mental retardation is the main feature of DS and accounts for 
17 percent of all mentally retarded cases in USA[29]. 
The word “mental retardation" implies slow intellectual 
development, while "mentally handicapped" implies that a child has 
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difficulties in understanding and learning, both are associated with 
Down syndrome.  Yet, it is important to realize that progress in 
learning and development, is possible. The range in development 
and learning has been categorized by mental ability and measured 
by the intelligence quotient (IQ). Any individual with an IQ score 
of 75 or less, (the average being 100) is likely to be classified as 
mentally handicapped or retarded [30]. Individuals with Down 
syndrome usually have IQs between 25 and 50 [12]. 
1.2.5 Dental anomalies in children with DS in different 
populations: 
Bell J.etal.in South Australia observed the prevalence of 
taurodontism in extracted lower molars of 12 out of 33 (36.4%) 
individuals with DS. It was suggested that the high prevalence of 
taurodontism was associated with a delayed ingrowth and fusion of 
the epithelial flaps of the developing root sheath and that this 
anomaly represented one of several characteristic morphological 
dental features in DS that result from decreased mitotic activity of 
cells in developing tooth germs [31]. 
Russell B. G. andKjaer I.(1994) studied the frequency and 
pattern of tooth agenesis in a Danish population with 
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Downsyndrome. The control group consisted of a normal Danish 
population. They found that individuals with DS had an occurrence 
of agenesis of teeth that was some 10 times greater than in the 
general population with a higher frequency in males (90.7%) than 
in females (69.8%).Agenesis occurred more frequently in the 
mandible than in the maxilla and most often on the left side. In this 
study, the highly significant differences were primarily found in the 
occurrence of agenesis of the mandibular central incisors, followed 
by the maxillary lateral incisors, the maxillary second premolars 
and the mandibular second premolars. They suggested that the 
dentition, with its many different anomalies, could be used as an 
indicator in evaluating different aspects in the pathogenecity of 
aneuploidy conditions[32-34]. 
Cornejoet al. (1996) studied the oral health condition of 
Argentinean children and youngsters with DS in a sample of 86 
Mongolic subjects aged 3 to 19, both sexes, resident in the city of 
Córdoba (Argentina), and compared it with a control group. The 
sample subjects were attending special educational institutions for 
the care of that type of disabled individuals. This population 
exhibited a high frequency of retarded eruption, agenesis, 
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conoidism, Angle's type III malocclusion, posterior cross bite and 
deficient gingival health[35]. 
Concomitant hypodontia and supernumeraries in DS cases 
were reported to be relatively rare. Only one case was reported in 
the literature[36]. 
Satsuki Kumasakaet al. (1997) used clinical records and panoramic 
radiographs to investigate developmentally absent permanent teeth 
in 98 Japanese subjects with DS. This retrospective study was based 
on the records and panoramic radiographs of subjects from 
approximately five years of age through to their most recent 
records. The time period covered ranged from 6 to 28 years. The 
majority of subjects with DS (63%) exhibited oligodontia, and 
many subjects were missing two or more teeth (53%) [37]. 
In Turkey (1997) 22 patients with DS were studied to 
determine the frequency of taurodontism. Eruption delay and 
congenitally lost teeth were also evaluated. While no taurodontic 
teeth were found in a control group of the same age, the frequency 
percentage of taurodontism was found as high as 66% (p < 0.01, 
Mann-Whitney test) [38] . 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
ϭϰ 
 
Rajic Z, Mestrovic SR (1998) in Zagreb examined 43 
pictograms of subjects with DS. The grade of taurodontism, sex 
distribution and individual tooth involvement were recorded. 
Taurodontic teeth were found in 55.8% of the subjects, 32.6% 
females and 23.2% males. Second molars were most frequently 
affected (53.2%), followed by first molars (40%) and third molars 
(6.5%)[39]. 
There are few reports about the proportion of tooth wear in 
DS children worldwide. An investigation conducted by Bell E. J.et 
al.in Australia 2002 compared the aetiology, prevalence and 
severity of tooth wear in 49 cytogenetically confirmed Down 
syndrome children with 49 non-Down syndrome controls. In this 
study tooth wear was significantly more frequent (p<0.01) in the 
Down syndrome than the non-Down syndrome sample, with more 
of the Down syndrome children showing severe to very severe wear 
[40]. 
Shapiraet al. studied dental anomalies in 34 individuals with 
Down syndrome in Israel. Excluding third molars, 59% of the 
individuals had missing teeth and 25% had small or peg-shaped 
upper lateral incisors [41, 42]. 
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Bhowate R, Dubey A. studied 27 Indian DS children aged 
10-14. They reported  microdontia in 40.7% of their sample, while 
delayed eruption was reported in 14.8% [43]. 
Moraes et al. (2007) evaluated the incidence of dental 
anomalies in Brazilian patients with DS. A sample of 49 panoramic 
x-rays of DS patients aged 3 to 33 years was used. They divided the 
anodontia in two types: proven anodontia and suspected anodontia. 
Proven anodontia was considered when there was radiographic 
confirmation of the presence of a primary tooth and absence of its 
permanent successor tooth germ. While absence of the primary 
predecessor tooth with absence of the permanent tooth was 
considered as suspected anodontia. Proven anodontia was found in 
17 individuals with 44 involved teeth, representing 34.69% of the 
sample. The cases with suspected anodontia occurred in 9 subjects 
with 19 involved teeth, representing 18.36% of the sample. Most 
cases of suspected anodontia occurred with maxillary lateral 
incisors. The characteristics of dental anomalies were observed in 
the panoramic radiographs in both the primary and permanent 
dentition, according to the ICD (International Classification of 
Diseases). There was a high incidenceof different types of 
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anomalies, such as taurodontism (50%), proven anodontia (20.2%), 
suspected anodontia (10.7%), conic teeth (8.3%) and impacted teeth 
(5.9%) [6].  
Folakemi O. conducted a study to determine the oral health 
condition and treatment needs of a group of individuals aged 6-20 
years old with DS in Nigeria.  Participants were examined for oral 
hygiene status, dental caries, malocclusion, hypoplasia, missing 
teeth, crowding and treatment needs. Findings were compared with 
controls across age group, sex and educational background of 
parents. The results showed that participants with DS had poorer 
oral hygiene than controls, with no significant sex difference. Oral 
hygiene was similar in the lower age groups but deteriorated with 
age in the DS group.  Missing teeth and malocclusion were 
recorded [44]. 
Sharath A. et al. (2008)studied the common oral findings and 
anomalies of DS children in Chennai city, India. Among the 130 
DS children examined, 102 children aged 15 years and below were 
included in the study. A specially prepared clinical examination 
form was used to record the following findings in each child: a brief 
family and personal history; anomalies of soft tissues, teeth, 
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occlusion, and temporomandibular joint. Age-wise and gender-wise 
comparisons of the findings were done. About 97 children (95%) 
had the habit of regular tooth brushing. Everted lower lip (66%), 
retained primary teeth (31%), and midface deficiency (76%) were 
the most commonly seen soft tissue, dental, and occlusion 
anomalies, respectively [1].  
 Ingalls and Butler reported that the maxillary lateral incisor 
was congenitally absent in 25% of the children with Down 
syndrome[45]. 
A previous study studied the prevalence of anodontia in 
theprimary and permanent dentitions. The percentages of affected 
permanent teeth were: maxillary lateral incisor (31%), maxillary 
premolars (13%), mandibular central incisor (11%),  mandibular 
lateral incisor (8%) and mandibular premolars (8%)[46]. 
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1. 3 Justification of the Study 
  Children with DS are known to have many dental anomalies which 
might lead to dental problems. The mental capacity and the 
complex medical condition of these children may be a barrier for 
them to receive regular dental care; hence they need a specially 
organized dental health care program. Obtaining accurate data 
about this category of patients helps in reaching this goal.  
    There is no previous data available about dental anomalies 
among Sudanese children with DS.  
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1.4 Objectives of the Study 
1.4.1General objective: 
  The general objective of this study was to assess the dental 
anomalies among a group of institutionalized Sudanese children 
with DS aged 6 to 14 years.  
1.4.2 Specific objectives: 
· To identify dental anomalies related to tooth number, 
shape, size, and eruption among DS children in 
Khartoum State. 
· To determine the proportions of these anomalies and their 
distribution according to gender.  
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Chapter Two 
Materials and Methods 
2.1 Study Design: 
This study was a cross-sectional, descriptive, institution-
based study. 
 2.1.1Study area:  
For proper clinical dental examination and for the availability 
of DPTs children with DS transferred from their centers to the 
clinic of the Division of Pediatric Dentistry, Faculty of Dentistry, U 
of K. 
 2.1.2 Study population: 
 Sudanese children (determined from their records) aged (6-
14) years with DS attending the Rehabilitation Centers of Children 
with Special Needs. 
2.2 The Criteria for Selection 
2.2.1 Inclusion criteria: 
Sudanese childrenwith DS who were: 
· Attendees to rehabilitation centers 
·  aged 6-14 years 
2.2.2 Exclusion criteria: 
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· Non-institutionalized childrenwith DS.  
· Age group less than 6 years and more than 14 years.  
· Hospitalized DS children with severely debilitating diseases. 
· Definitely negative children according to Franklbehaviour 
rating scale. 
2.3 Sampling: 
The basic design was through simple randomization. 
Total number of institutionalized DS children in Khartoum State 
was: 236 
Total sample size was: 92  
This was calculated according to the equations: 
 N (sample)=  FN 
N=Z²1-a /2*P*(1-P)/(C %)² 
Where: 
a = 0.05                         
   P=0.5     (expected population) 
c=Confidence Interval length. 
F=(population size) /(population size)+N 
Sample size was:         
N (sample)=  FN 
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N=1.96²*0.5²/(0.08)²  = 150 
F=236/150+236  =0.611 
Sample size= 0611× 150 =92 
2.4Ethical Considerations: 
The proposal for this research was submitted to the Research 
Board, Faculty of Dentistry, University of Khartoum and after its 
approval, parents or guardian were told verbally, and then signed a 
written informed consent for the clinical and radiographic 
examinations and all necessary approval letters were obtained prior 
to conduction of the study. 
The results of this study will be used where needed for the 
public without any violation of participants’ privilege of secrecy. 
(see Appendices). 
2.5 Data Collection and Management 
2.5.1 Study tools and techniques: 
A structured data collection form was developed, (Appendix 
1). The data were collected by the same researcher conducting the 
study .The dental anomalies in DS children were evaluated by: 
2.5.1.1 Clinical dental examination: 
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The clinical examination was conducted in the clinic of 
Pediatric Dentistry,U of K, on a dental chair under artificial light 
using a dental mirror and a ball-tip probe. The participants were 
examined for the presence of anomalies such as missing and extra 
teeth, abnormal tooth shape/size and delayed tooth eruption or any 
other dental anomaly such as over retained primary teeth and tooth 
wear. Only the presence or absence of anomalies was recorded. The 
severity of involvement was not recorded. 
2.5.1.2 Radiographic examination: 
Standardized dental panoramic tomographies(DPTs) were 
taken for all the DS patients in the Radiographic Diagnostic Clinic, 
Faculty of Dentistry. The DPTs were interpretated by the same 
investigator, under supervision. The cases and DPTs were 
categorized into two categories: those with and those without dental 
anomalies. 
DPTs with dental anomalies were further studied to confirm 
the clinical findings in situations of missing teeth, extra teeth and 
abnormal tooth shape/size for both the primary & permanent 
dentitions. When retained primary teeth were recorded clinically, 
Please purchase PDFcamp Printer on http://www.verypdf.com/ to remove this watermark.
Ϯϰ 
 
the DPT was read to investigate the condition of the permanent 
successor for delayed eruption or agenesis. 
2.5.2Data analysis: 
The data were organized and entered in spread sheet using 
software SPSS (Statistical Package for Social Science) version 17 
for statistical analysis. 
2.6 Funding: 
This research was self funded. 
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Chapter Three 
Results 
The sample size of Sudanese children with Down syndrome 
included in the study was 92. Their mean age was 10.4 (± 2.8) 
years. Their age characteristics are shown in Table 1. 
Table 1: Age characteristics of the sample of Sudanese children 
withDS (in years): 
Mean age 10.4 
Median 10 
SD 2.8 
Minimum 6 
Maximum 14.2 
 
The sample was homogenous with respect to gender. 
Distribution of the study population according to gender is shown in 
Table 2.  
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Table 2: Distribution of the DS children according to gender: 
 Frequency Percentage 
Male 43 46.7% 
Female 49 53.3% 
Total 92 100% 
DS children were categorized into two groups; those without, 
and those with dental anomalies. Thedistribution of children 
according to the presence or absence of dental anomalies is shown 
in Table 3. 
Table3: Distribution of DS children according to the presence 
or absence of dental anomalies: 
 Frequency Percentage 
Children without dental anomalies 41 44.6% 
Children with dental anomalies 51 55.4% 
Total 92 100% 
 
The group of DS children without dental anomalies was not 
studied further. The group with dental anomalies was then analyzed 
in details. 
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The presence of dental anomalies was found to be evenly 
distributed in the syndromicpatients as far as gender is concerned. 
This is shown in Table 4. 
Table 4:Distribution of DS children with dental anomalies 
according to gender: 
 Frequency Percentage 
Male 26 51% 
Female 25 49% 
Total 51 100% 
Hypodontia was the most common dental anomaly found in 
this group of Sudanese DS children when the specific types of 
dental anomalies were analyzed. Its frequency was higher whether 
seen as a single dental anomaly, or as part of multiple anomalies 
occurring simultaneously in the same child. 
Taurodontism came as the second most common anomaly, 
followed by supernumerary teeth.  
The different types of dental anomalies in children and their 
frequencies are shown in Figure 1. 
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Table 5: Distribution of children according to the number of 
dental anomalies: 
 Frequency Percent 
One anomaly 34 66.7% 
Two anomalies 16 31.4% 
Three anomalies 1 2.0% 
Total 51 100% 
 
The distribution of children according to the specific types of 
anomalies is shown in Table 6. 
Table 6: Distribution of children according to the specific types 
of dental anomalies:  
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Anomaly  Frequency % 
One anomaly: 
 Hypodontia 18 52.9 
 Taurodontism 9 26.5 
 Supernumerary 4 11.8 
 Others 2 5.9 
 Microdontia 1 2.9 
 Total 34 100 
Two anomalies: 
 Hypodontia & taurodontism 8 50 
 Supernumerary & taurodontism 4 25 
 Taurodontism & others 2 12.5 
 Hypodontia & supernumerary 1 6.25 
 Taurodontism &dilacerations 1 6.25 
 Total 16 100 
Three anomalies 
 Hypodontia, taurodontism & delayed eruption 1 100 
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Distribution of the most common anomalies in different 
permanent teeth: 
1. Hypodontia: 
Hypodontia was found to be more common in the mandible 
than in the maxilla (41.3% and 58.7% respectively). It was more 
frequent in the mandibular second premolar area (mean percentage 
was 34.7%) followed by the mandibular lateral incisors (21.4%) 
and the maxillary lateral incisor area (17.3%). The distribution of 
hypodontia in the permanent teeth is shown inTable7. 
Table 7: Distribution of hypodontia in different permanent 
teeth: 
 
 
Tooth # 
Percentage 
17 
2.7 
16 
0 
15 
5.3 
14 
4 
13 
0 
12 
9.3 
11 
0 
21 
0 
22 
8 
23 
0 
24 
4 
25 
5.3 
26 
0 
27 
2.7 
Total 
41.3% 
  
Tooth # 
Percentage 
47 
0 
46 
0 
45 
16 
44 
1.3 
43 
0 
42 
10.7 
41 
0 
31 
0 
32 
10.7 
33 
0 
34 
1.3 
35 
18.7 
36 
0 
37 
0 
58.7% 
  
Total 100% 
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2. Taurodontism: 
Taurodontism, the second most common anomaly,was found only 
in some permanent molars. All premolars and anterior teeth had 
normal morphology as far as taurodontism was concerned.Its 
distribution is shown in Table 8. 
Table8: Distribution of taurodontism in different permanent 
molars: 
Tooth # 
Percentage 
17 
9.8 
16 
23 
26 
18 
27 
1.6 
Total % 
52.5 
  
Tooth # 
Percentage 
47 
0 
46 
21.3 
36 
26.2 
37 
0 
 
47.5 
Total 100% 
 
Supernumerary were seen in 9 cases; 6 were males & 3 were 
females. Most of them seen adjacent to tooth #12 followed by #13, 
#14, # 42 and #22. 
 Only one case of microdontia was recorded; a male, all of his 
teeth were affected. Similarly, only one case of dilaceration and 
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another case of delayed eruption were recorded, all of them were 
seen in females. 
Three cases of retained deciduous teeth were seen; two of 
them were in females while one was in a male. Only one case of 
tooth wear was seen in a male. 
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Chapter Four 
Discussion 
Epidemiological studies on dental anomalies in children with 
Down syndrome are scarce, and those few reported ones are not 
quite comparable due to wider range of age, fewer numbers of cases 
in each study and may be different research methodologies. 
In the rehabilitation centers where the sample of DS children 
was randomly selected, children younger than 6 years of age were 
not available. The mean age was about 10 years of age. The sample 
was homogenous with respect to gender. 
In this group of Sudanese children with DS, a high 
proportionof dental anomalies was found reaching 55.4%.  
About two-third of the DS children (66.7%) had one anomaly 
and one-third (31.4%) had two. Only one case of DS had three 
anomalies. These findings are different from a similar study in 
Brazilian DS children in whom, although the proportion of dental 
anomalies was also high, but in most cases the same individual had 
more than one dental anomaly.  
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In our study, hypodontia (a term used here for the same meaning as 
agenesis or anodontia) was the most commonly observed dental 
anomaly, affecting 54.9% of DS cases. 
 Moraes et al.conducted a retrograde study in which only 
DPTs of Down syndrome cases were studied. Because age variation 
of tooth development in general, and in DS patients in particular, 
they divided the anodontia in two types: proven anodontia and 
suspected anodontia. In that study, proven anodontia was 
considered when there was radiographic confirmation of the 
presence of a primary tooth and absence of its successor tooth germ, 
while absence of the primary predecessor tooth with absence of the 
permanent tooth was considered as suspected anodontia. In our 
opinion, the suspected hypodontia should be when it is not quite 
sure that the permanent tooth is congenitally absent, for a 
permanent tooth might develop very late. Proven anodontia in that 
study represented 34.69% of the sample and suspected anodontia 
represented 18.36% of the sample. Most cases of suspected 
anodontia occurred with maxillary lateral incisors [6]. The 
proportion of hypodontia seen in our study is higher than what was 
observed by Moraes et al. although only proven hypodontia was 
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recorded, suspected hypodontia was considered normal. This might 
have underestimated the actual number of cases with hypodontia in 
this group of Sudanese children with DS. Hypodontia in these 
children however, is lower than what was reported by Kumasaka et 
al. who found that 63% of his sample had hypodontia [37]. 
Our results are similar to Folakemi O. who found more than 
half of the Down syndrome group had one or more missing teeth 
[44]. 
Shapiraet al.[41-42]and Cornejoet al.[35] have also reported a 
high frequency of agenesis among Israeli and Argentinean children 
with DS respectively,  similar to what we have observed in this 
study. 
Females were more affected than males. This contrasts a 
study among Danish DS children in whom agenesis was more 
frequent in males than in females[32-34]. 
The finding that hypodontia occurred more frequently in the 
mandible than in the maxilla in our study, coincides with what was 
found among Danish DS children in whom agenesis occurred more 
frequently in the mandible than in the maxilla[32-34].  
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Hypodontia was more frequent in the mandibular second 
premolar area (34.7% in both right and left sides) followed by the 
mandibular lateral incisors (21.4%) and the maxillary lateral incisor 
area (17.3%). These findings contrast the findings of a study of the 
prevalence of anodontia in the primary and permanent dentitions, 
where the percentages of affected permanent teeth were: maxillary 
lateral incisor (31%), maxillary premolars (13%), mandibular 
central incisor (11%), mandibular lateral incisor (8%) and 
mandibular premolars (8%)[46]and also Kumasaka et al.[37]who 
reported that the most frequently absent tooth was the mandibular 
lateral incisor (23.3%) followed by maxillary second premolars 
(18.2%), maxillary lateral incisors (16.5% ) and the mandibular 
second premolars (15.3%).   
The teeth most frequently missing in Folakemi O. study were 
the maxillary lateral incisors, followed by mandibular lateral 
incisors[44]. This is different from the finding from our study 
mentioned above. 
The percentage of congenitally absent upper laterals seen in 
this study, however, is lower than what was reported by Ingalls and 
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Butler who reported that the maxillary lateral incisor was 
congenitally absent in 25% of the children with DS [45].  
Taurodontism was the second dental anomaly observed in DS 
Sudanese children in this study, being identified in 49% of the DS 
individuals. It was also noted that taurodontism affected several 
teeth of the same patient and occurred mostly in the same tooth type 
(permanent molars only). 
 The prevalence of taurodontism in this study is different 
from Moraes et al.[6] who found a higher incidence of taurodontism 
(85%).This higher percentage may be because of the fewer number 
of DS cases in their study compared to ours. However, the 
proportion of children with taurodontism in our study is higher than 
the study done by Bell J. in South Australia who observed 
taurodontism in extracted lower molars of 36.4% individuals with 
DS [31], but lower thanAlpoz and Eronat who reported a frequency 
percentage of taurodontism in 66% of individuals with DS [38]. The 
variations in the prevalence of taurodontism reported in these 
studies can mostly be related to the variation in the age groups 
examined. 
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 Rajic and Mestrovic [39] in Zagreb found taurodontic teeth in 
55.8% of the subjects. Their results however, are different from our 
findings as far as gender and tooth type are concerned; in their 
studies females are more affected than males (32.6% and 23.2% 
respectively), while in our study males suffered more from 
taurodontism than females, (65.4% and 32% respectively). Also in 
their study the second permanent molars were the most frequently 
affected teeth (53.2%), followed by the first molars (40%). This 
contrasts our present findings in which the first permanent molars 
were more frequently affected (47.5% of the lower molars and 41% 
of the upper molars) than the second permanent molars (in which 
only the upper ones were affected with a percentage of 11.4 while 
the lower second molars were not affected). 
Although supernumerary teeth were found in 17.6% of our 
sample, concomitant hypodontia and supernumeraries were 
observed in only one case. This is similar to what was reported in 
the literature [36]. 
Other dental anomalies were observed in sporadic cases ; 
only one case of root dilaceration involving two teeth (#35 & #15) 
in a same patient, a case of microdontia; and a case of delayed tooth 
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formation and eruption, each one of them representing 2.0% of the 
sample, a finding very similar to Moraes findings[6].Shapira 
however, reported a very high incidence (25%) of microdont upper 
lateral incisors among Israeli DS children [41,42]. 
Scully stated that the eruption of primary and permanent 
teeth was delayed in individuals with DS and that the primary teeth 
not always had their formation completed before the age of 5, and 
that alterations in the eruption sequence might occur[47]. Likewise, 
Coelho and Loevy reported delayed tooth formation and eruption, 
alteration in the eruption sequence as well as microdontia and 
anomalies of shape[46]. Our study has failed to confirm these 
findings; very few cases of delayed tooth eruption were observed. 
Retained deciduous and tooth wear (designated in this study as 
“others”) were also uncommon among our sample, a finding 
different from Sharath Asokan, et al.[1] who found that retained 
primary teeth were the most common dental anomaly present in his 
study (31%). However, unlike our findings, tooth wear was a 
significant finding in Australian DS children [40]. 
The outcome of the present study is similar to those of the 
reviewed literature with respect to the most common types of 
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anomalies identified in DS; except for hypodontia and 
taurodontism, other anomalies showed a low incidence.  
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Limitation of the study: 
· In this group of Sudanese children with DS, only dental 
anomalies were studied, i.e. those developmental anomalies 
affecting the hard dental tissues. Dental caries and 
malocclusion were not investigated. Further studies to assess 
these conditions as well as soft tissue anomaliesare 
recommended. 
· A second limitation in this study is that, only institutionalized 
DS children were studied, non-institutionalized at-home 
children could not be reached. 
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Conclusion: 
Ø  The prevalence of dental anomalies in Sudanese DS children 
found in the present study is similar to those of the reviewed 
literature with respect to the most common types of 
anomalies identified in Down syndrome. 
Ø  Except for hypodontia and taurodontism which were quite 
common in our sample, other anomalies showed a low 
incidence.  
Ø  When these anomalies were studied according to gender, it 
was found that hypodontia was much higher in females while 
taurodontism was much higher in males. 
Ø  Dental anomalies in Down syndrome children may exhibit 
great variability as seen when comparing the reported 
findings in the literature within themselves and also when we 
compare our findings to these reports. 
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Recommendations: 
Ø  Children withDown syndrome belong to those groups of 
children with special needs. Their medical condition 
reinforces that the need for preventive as well as early 
conservative dental care should be given a high priority to 
prevent and/or control problems that may affect them, for 
example the need for endodontic treatment in taurodontic 
teeth, a highly incident dental anomaly in these children. 
Ø   In the present study, only the presence or absence of dental 
anomalies was considered, leaving the analysis of its severity 
for future investigations. 
Ø  Further research is highly recommended to collect baseline 
data on the oral health of this group of children with special 
needs, upon which preventive as well as early interceptive 
dental treatment strategies can be built up.   
Ø  The first dental appointment for the child with Down 
syndrome should be at one year of age.  
Ø  At this appointment, the dental staff should examine the child 
and discuss the etiology of dental diseases, how to prevent 
them and the consequences of untreated diseases (tooth loss) 
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with the caregiver; as most of these children already suffer 
from hypodontia.  
Ø  Individuals with Down syndrome learn better with visual 
teaching, so pictures, models, and diagrams are an important 
part of the teaching and learning process.  
Ø  Instructions should be given slowly, or one concept at a time. 
To insure understanding, the child should demonstrate 
brushing and flossing techniques. Down syndrome cases are 
generally motivated to please. Therefore, positive verbal 
reinforcement should be used generously.   
Ø  Supervision of toothbrushing may still be necessary in those 
with partial independency to ensure that the child's efforts are 
effective. 
Ø  Fluoride use-in Sudan mostly in the form of fluoridated tooth 
pastes- should be stressed in daily basis. 
Ø   Ministry of Health in Sudan is respectfully requested to 
investigate the prevalence of Down syndrome among 
Sudanese children. If this information would be available, 
then the prevalence of oral diseases in general and dental 
anomalies in particular, could be investigated in more 
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detailed, hence preventive measures could be tailored to this 
group of children. 
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Appendix (I) 
ϡϮσήΨϟ΍ΔόϣΎΟ 
ϥΎϨγϷ΍ΐσΔϴϠϛ 
ΔϴϠϜϟ΍ΙΎΤΑ΃βϠΠϣ 
ϲ΋ΎϗϮϟ΍ϥΎϨγϷ΍ΐσϭϝΎϔσϷ΍ϥΎϨγ΃ΐσϭϢϳϮϘΘϟ΍Ϣδϗ 
ϝΎϔσϷ΍ϥΎϨγ΃ΔΒόη 
Data collection sheet 
Personal data 
Name of the Rehabilitation Centre……………………………… 
Patient's codes:……………………………………………….. 
Date of birth …………………………Age ..… yrs …..mon 
Gender: ………………………………………………………… 
 Phone No: ……………………………………………………… 
Medical health    ……………………………………………… 
Taking any medications?  
No …. Yes ….. (Specify) …………………………….…………….. 
Diagnosis according to the medical 
records:………………………………..……………………………
…………………………………… 
Clinical examination: 
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Patient has dental anomaly? 
No..........Yes……            If Yes,   
Type of dental anomaly Tooth # 
 Hypodontia          
Supernumerary Adjacent to tooth  # 
Microdontia  
Macrodontia                 
Gemination  
Fusion                  
Concrescence         
Taurodontism    
 Dilaceration    
Delayed eruption  
Others  
 
Radiographic examination & interpretation of the DPTs: 
.............................................................................................................
............................................................................................................. 
.............................................................................................................
.............................................................................................................
....................................................................................................... 
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Appendix (2) 
ϡϮσήΨϟ΍ΔόϣΎΟ 
ϥΎϨγϷ΍ΐσΔϴϠϛ 
ΔϴϠϜϟ΍ΙΎΤΑ΃βϠΠϣ 
ϲ΋ΎϗϮϟ΍ϥΎϨγϷ΍ΐσϭϝΎϔσϷ΍ϥΎϨγ΃ΐσϭϢϳϮϘΘϟ΍Ϣδϗ 
ϝΎϔσϷ΍ϥΎϨγ΃ΔΒόη 
ΦϳέΎΘϟ΍  
ΓΪϴδϟ΍ΪϤΣ΃ΔϳΩΎϧΓέϮΘϛΪϟ΍ϰϴΤϳϥΎϨγϷ΍ΐσΔϴϠϛΪϴϤϋΔϴϠϜϟ΍ΙΎΤΑ΃βϠΠϣβϴ΋έ
ΔϣήΘΤϤϟ΍ 
ΓΪϴδϟ΍σΎϓΓέϮΘϛΪϟ΍ϦδΤϟ΍ήπΨϟ΍ΔϤϣϝΎϔσϷ΍ϥΎϨγ΃ΐσήϴΘδΟΎϣΔΟέΩέήϘ
ΔϣήΘΤϤϟ΍ 
ϋϡϼδϟ΍ϪΗΎϛήΑϭϰϟΎόΗͿ΍ΔϤΣέϭϢϜϴϠ  
ϝΎϔσϷ΍ϥΎϨγ΃ΐσϲϓήϴΘδΟΎϤϟ΍ΔΟέΩϞϴϨϟΔΣϭήσ΃ΚΤΑ˯΍ήΟΈΑΔϘϓ΍ϮϣΐϠσωϮοϮϤϟ΍ 
ϝΎϔσϷ΍ϥΎϨγ΃ΐσϲϓήϴΘδΟΎϤϟ΍ΔΟέΩΔΣϭήσ΃ΚΤΑ˯΍ήΟ·ϰϠϋΔϘϓ΍ϮϤϠϟΐϠτΑϢϜΗΩΎϴδϟϡΪϘΗ΃ˬ
ϥ΍ϮϨόΑ
Dental  Anomalies  among Down Syndrome Children in Khartoum 
State(Sudan). 
ϲϜϴϨϴϠϛ·ϲϨγκΤϓϰϠϋΪϤΘόϳΚΤΒϟ΍ϥ΄Α˱ΎϤϠϋΔϴϠϜϟΎΑϝΎϔσϷ΍ΓΩΎϴϋϲϓϢΘϳϲϨϴΗϭέˬέϮλϞϤϋϊϣ
ΔϴϠϜϟΎΑΔόηϷ΍ϢδϘΑΔϴϋΎόηˬϞΒϗϢϫέϮϣ΃˯Ύϴϟϭ΃ϭΚΤΒϟ΍ϲϓϦϴϛήΘθϤϟ΍ϞϛΔϘϓ΍ϮϣάΧ΃ϢΘϴγϭ
κΤϔϟ΍ΔϴϠϤϋϲϓ˯ΪΒϟ΍
 
ήϳΪϘΘϟ΍ϭήϜθϟ΍ϞϳΰΟϢϜϟϭ 
ΓέϮΘϛΪϟ΍ΕΎΣήϓϥΎϤΜϋϦδΣΔϴϗέ  
ΔΟέΩϞϴϨϟΎϴϠόϟ΍ΕΎγ΍έΪϟ΍ΔΒϟΎσϝΎϔσϷ΍ϥΎϨγ΃ΐσϲϓήϴΘδΟΎϤϟ΍  
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Appendix (3 
ϡϮσήΨϟ΍ΔόϣΎΟ 
ϥΎϨγϷ΍ΐσΔϴϠϛ 
ΔϴϠϜϟ΍ΙΎΤΑ΃βϠΠϣ 
ϲ΋ΎϗϮϟ΍ϥΎϨγϷ΍ΐσϭϝΎϔσϷ΍ϥΎϨγ΃ΐσϭϢϳϮϘΘϟ΍Ϣδϗ 
ϝΎϔσϷ΍ϥΎϨγ΃ΔΒόη 
ΦϳέΎΘϟ΍  
Ϊϴδϟ΍ήϳΪϣ
ΔϤψϨϣΔδγΆϣϡήΘΤϤϟ΍  
ΎόΗͿ΍ΔϤΣέϭϢϜϴϠϋϡϼδϟ΍ϪΗΎϛήΑϭϰϟ  
ωϮοϮϤϟ΍ϲΒσΚΤΑ˯΍ήΟ· 
ϩϼϋ΃ωϮοϮϤϠϟΓέΎηϹΎΑˬϥΎϨγϷ΍ΐσΔϴϠϜΑϝΎϔσϷ΍ϥΎϨγ΃ϢδϗϱήΠϳ±ΔόϣΎΟ
ϟ΍ϭΔϴΒτϟ΍ΕΎγ΍έΪϟ΍βϠΠϣϊϣϥϭΎόΘϟΎΑϡϮσήΨϟ΍ϦϋΕΎϣϮϠόϣϊϤΠϟΎΜΤΑΎϴϠόϟ΍ΔϴΤμ
ϡϮσήΨϟ΍ΔϳϻϭϲϓΔλΎΨϟ΍ΕΎΟΎϴΘΣϻ΍ϱϭΫϝΎϔσϷ΍ϯΪϟΔϳϮϤϔϟ΍ΔΤμϟ΍ϦϣϚϟΫϭ
ϋΎόη΍έϮλϭϲϨϴΗϭέϲΒσκΤϓϝϼΧϴΔΔϨϴϋϱ΃άΧ΃ϭ΃ΔϴϠϤϋϱ΃˯΍ήΟ·ϥϭΩςϘϓ
ϡϮσήΨϟ΍ΔόϣΎΟϥΎϨγϷ΍ΐσΔϴϠϜΑϝΎϔσϷ΍ϥΎϨγ΃ϢδϘΑκΤϔϟ΍ϢΘϳϑϮγϭ
ϲϓϞϣ΄ϧΓήϣΎόϟ΍ϢϜΘϤψϨϣϲϓΚΤΒϟ΍΍άϫ˯΍ήΟ·ϰϠϋΔϘϓ΍ϮϤϟΎΑϡήϜΘϟΎΑϢϜϠπϔΗϢϳήϛ
ήϳΪϘΘϟ΍ϭήϜθϟ΍ϞϳΰΟϢϜϟϭ
ΩΐϠτϟ΍ΔϣΪϘϣΕΎΣήϓϥΎϤΜϋϦδΣΔϴϗέ 
ϡϮσήΨϟ΍ΔόϣΎΠΑΎϴϠϋΕΎγ΍έΩΔΒϟΎσˬϥΎϨγϷ΍ΐσΔϴϠϛ
ΔϤψϨϤϟ΍Γέ΍Ω·ΩΎϤΘϋ΍ΔδγΆϤϟ΍
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ϊϴϗϮΘϟ΍
ΔϤψϨϤϟ΍ϥϮϔϠΗΔδγΆϤϟ΍
ΦϳέΎΘϟ΍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Appendix (4) 
ϡϮσήΨϟ΍ΔόϣΎΟ 
ϥΎϨγϷ΍ΐσΔϴϠϛ 
ΔϴϠϜϟ΍ΙΎΤΑ΃βϠΠϣ 
ϲ΋ΎϗϮϟ΍ϥΎϨγϷ΍ΐσϭϝΎϔσϷ΍ϥΎϨγ΃ΐσϭϢϳϮϘΘϟ΍Ϣδϗ 
ϝΎϔσϷ΍ϥΎϨγ΃ΔΒόη 
ΦϳέΎΘϟ΍  
ΚΤΒϟ΍ϲϓΔϛέΎθϤϠϟΔϘϓ΍ϮϣΓέΎϤΘγ΍ 
Ϊϴδϟ΍Ϟϔτϟ΍ήϣ΃ϲϟϭϡήΘΤϤϟ΍
ϋϡϼδϟ΍ϪΗΎϛήΑϭϰϟΎόΗͿ΍ΔϤΣέϭϢϜϴϠ 
ϢδϗϱήΠϳϥΎϨγϷ΍ΐσΔϴϠϜΑϝΎϔσϷ΍ϥΎϨγ΃ˬΔϴΒτϟ΍ΕΎγ΍έΪϟ΍βϠΠϣϊϣϥϭΎόΘϟΎΑϡϮσήΨϟ΍ΔόϣΎΟ
ϟ΍ΔΤμϟ΍ϦϋΕΎϣϮϠόϣϊϤΠϟ˱ΎΜΤΑΎϴϠόϟ΍ΔϴΤμϟ΍ϭΔλΎΨϟ΍ΕΎΟΎϴΘΣϻ΍ϱϭΫϦϣϝΎϔσϷ΍ϯΪϟΔϳϮϤϔ
ϡϮσήΨϟ΍ΔϳϻϭϲϓϝΎϔσϷ΍ϥΎϨγ΃ΓΩΎϴόΑΔϴϋΎόηέϮλΪΧ΃ϭϲϨϴΗϭέϲϨγκΤϓϝϼΧϦϣϚϟΫϭ
ϥΎϨγϷ΍ΐσΔϴϠϜΑˬϡϮσήΨϟ΍ΔόϣΎΟˬΔϤψϨϤϟ΍ϰϠϋέΎϴΘΧϷ΍ϊϗϭΪϗϭΎϬΑαέΪϳϲΘϟ΍ΔδγΆϤϟ΍
ϢϜϨΑ΍έϮϛάϤϟ΍ϢϜΘϨΑ·Γ΍ϕΎτϧϦϤοϩϼϋ΃ΔϨϴόϟ
ϩήϛΫϢΗΎϣϰϠϋ˱˯ΎϨΑˬϢϜϨΑ΍ϰϠϋϒθϜϠϟΔϴμΨθϟ΍ϢϜΘϘϓ΍ϮϣϢϳήϛϮΟήϧϢϜΘϨΑ΍ϢϜϟϦϤπϧϭΪϛΆϧϭ
Δϴγ΍έΪϟ΍ν΍ήϏϷ΍ήϴϐϟΔϋϮϤΠϤϟ΍ΕΎϣϮϠόϤϟ΍ϡΪΨΘδΗϻ΃
ϲϨΑ΍ϙ΍ήΘη΍ϰϠϋϲΘϘϓ΍ϮϤΑϩΎϧΩ΃έϮϛάϤϟ΍Ύϧ΃ήϗ΃ωϮτΘϤϛΚΤΒϟ΍ϲϓϲΘϨΑ΍ΖϤϬϔΗΪϗϲϨϧ΄Α˱ΎϤϠϋ
ΚΤΒϟ΍ϑ΍Ϊϫ΃
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